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AND DATA ACQUISITION 

The O f f i c e  of  Track ing  and Data  A c q u i s i t i o n  i s  NASA's 
e y e s ,  and e a r s  and I t s  memory, OTDA p r o v i d e s  t h e  e l e c t r o n i c  
p i p e l i n e  from a l l  p o i n t s  around t h e  E a r t h ,  f o r  f l i g h t s  a t  
g r e a t  d i s t a n c e s  and s m a l l .  

Networks o f  ground s t a t i o n s  and a i r -  and sea-borne  equ ip -  
ment p r o v i d e  p r e c i s i o n  t r a c k i n g ,  communication, and d a t a  
c o l l e c t i o n .  A s  a major  c c c n c e r p a r t  t o  o t h e r  e l ements  of NASA 
and U . S .  and f o r e i g n  space  i n t e r e s t s ,  t h e  OTDA program h a s  
i t s  own s t a f f ,  f u n d s ,  i n s t a l l a t i o n s  and equipment .  

OTDA s e r v e s  a n  e n d l e s s  v a r i e t y  o f  exper iments  i n  t h e  a i r  
and s p a c e ,  because  t h e  r e s e a r c h  and development programs o f  
NASA, by t h e i r  n a t u r e ,  c o n s t a n t l y  change i n  volume, scope  pur -  
pose  and no two p r o j e c t s  a r e  a l i k e .  T h i s  work i s  b r o a d l y  c l a s s i -  
f i e d  and o r g a n i z e d  t o  d e l i v e r  i n f o r m a t i o n  t o  and from every  
exper iment  conducted  anywhere t h a t  NASA's f l i g h t s  go.  O T D A f s  
broad t a s k  c a t e g o r i e s  a r e  a s  f o l l o w s ,  

& O T D A  Tasks 

* Deep s p a c e  f l i g h t s  r e q u i r i n g  c o n t i n u o u s  p r e c i s i o n  
t r a c k i n g  t o  t h e  d i s t a n t  p l a n e t s .  Such p r o b e s  a s  Marin>r, 
P i o n e e r  and V i k i n g  must be followed. a t  d i s t a n c e s  measured i n  
m i l l i o n s  and hundreds  of  m i l l i o n s  of  m i l e s  away from E a r t h ,  
where t h e  s p a c e c r a f t  t r a n s m i t s  ex t remely  weak s i g n a l s .  

* Unmanned E a r t h  s a t e l l i t e s ,  f l y i n g  w i t h i n  a  few hundred 
miles of E a r t h ,  i n v o l v e  many s p a c e c r a f t  i n  a l l  k i n d s  of o r b i t s  
as f a r  o u t  as a  few thousand m i l e s ,  t a k i n g  l a r g e  amounts o f  d a t a .  
Because t h e y  t r a v e l  n e a r  E a r t h  h o r i z o n s  t h e y  need coverage  by 
many ground s t a t i o n s .  

* The manned f l i g h t s  b e g i n  i n  E a r t h  o r b i t  and t e r m i n a t e  i n  
a  period. of d a y s  b u t  t h e y  r e q u i r e  a combinat ion  of  h i g h l y  p r e c i s e  
t r a c k i n g ,  h i g h l y  r e l i a b l e  "man r a t e d "  v o i c e  communication a t  
very l o n g  d i s t a n c e s  and a  l a r g e  volume of i n f o r m a t i o n  all i n  
r e a l  t i m e .  

Many o t h e r  p r o j e c t s  i n  aeronautical r e s e a r c h ,  i n  a e r l a l  
survey or support, research aircraft, f r e e  b a l l o o n s ,  ra .dar  and 
optical t r a c k i n g  2nd surveying, and sound ing  r o c k e t s  in hr5 ef 
n r r b o s b i t a l  flight, demand a w t d e  variety of n p e e l a l i z e d  e q u i p -  
m e n t  and crperat lans .  



* Tying a l l  NASA o p e r a t i o n s  t o g e t h e r ,  t h e  communication l i n e s  
c a r r y  a heavy l o a d  of t r a f f i c  i n t o  t h e  f a r  p l a c e s  of  t h e  E a r t h .  

SCOPE OF OPERATIONS 

The f u n c t i o n s  of t r a c k i n g  and d a t a  a c q u i s i t i o n  i n v o l v e  many 
d i f f e r e n t  t a s k s .  I n  a d d i t i o n  t o  t r a c k i n g  and t e l e m e t e r i n g  d a t a  
t o  t h e  E a r t h ,  t h e  network must p r o v i d e  v o i c e  crew communications, 
and command s i g n a l s  t o  o p e r a t e  t h e  s a t e l l i t p  sys tems ;  i t  must 
d e t e c t  s i g n a l s  and r e c o r d ,  p r o c e s s  and d i s t r i b u t e  t h e  d a t a  
o b t a i n e d  from s p a c e ;  t e s t  and v e r i f y  i t s  own sys tems ;  t r a i n  i t s  
o p e r a t i o n s  s t a f f  and c o n t r o l  i t s  own o p e r a t i o n s ;  d e t e r m i n e  
t r a j e c t o r i e s  and a t t i t u d e s  o f  f l i g h t s ;  and p a r t l e i p a t e  i n  
d i f f e r e n t  s c i e n c e  e x p e r i m e n t s .  

Because t h e  t r a c k i n g  o p e r a t i o n s  r e q u i r e  l a r g e ,  complex 
s t a t i o n s  on f o r e i g n  a s  w e l l  a s  U ,S .  s o i l ,  NASA welcomes t h e  
o p p o r t u n i t y  f o r  good w i l l  and c o o p e r a t i v e  work i n  i n t e r n a t i o n a l  
s c i e n c e  and t e c h n o l o g y .  Wherever l o c a t e d ,  t h e  s t a t i o n s  o p e r a t e  
under  agreements  w i t h  t h e  h o s t  c o u n t r y , _ w h o l l y  o r  p a r t l y  s t a f f e d  
by n a t i v e  t a l e n t  and a lways  u s i n g  t h e  maximum a v a i l a b l e  i n d i -  
genous s c i e n t i s t s ,  e n g i n e e r s ,  and t e c h n i c i a n s .  

A s  r e s e a r c h  and development  programs have  grown, e x p e r i -  
ments  have i n c r e a s e d  i n  complex i ty ,  q u a n t i t y  and volume. New 
f l i g h t  p r o j e c t s  b e g i n ,  o t h e r s  a.re r e d u c e d ,  i n a c t i v a t e d ,  o r  
ended,  b u t  t h e  t o t a l  r emains  abou t  c o n s t a n t .  For  one i n d i c a -  
t i o n ,  t h e  f low of d a t a  from some 50 E a r t h  s a t e l l i t e s  i n  o r b i t  
h a s  more t h a n  doubled  i n  t h e  p a s t  f i v e  y e a r s ,  now amounting t o  
mor,e t h a n  400  m i l l i o n  d a t a  p o i n t s ,  o r  measurements ,  e v e r y  day .  
And more pours  i n  c o n s t a n t l y  from deep  s p a c e  t e s t s .  

OTDA h a s  f u l l  r e s p o n s i b i l i t y  f o r  t h i s  f l o w  o f  i n f o r m a t i o n  
t o  b r i n g  i t  t o  E a r t h ,  p r o c e s s  and d i s t r i b u t e  i t  t o  t h e  i n t e r e s t e d  
s c i e n t i s t s  and e n g i n e e r s .  Those u s e r s  a r e  thousands  o f  p r o f e s s o r s  
and s t u d e n t s ,  l a b o r a t o r y  workers  and r e s e a r c h e r s  i n  t h e  U.S. and 
o v e r s e a s ,  The  r a n g e  of exper iments  i s  e x t r e m e l y  broad and t h e  
i n f o r r n a t i o r ~  t h e y  s e e k  may come i n  f r e q u e n t  s h o r t  b u r s t s  o r  
a c c u r n u l a t ~  g radua2 ly  o v e r  a  l o n g  p e r i o d  of  t i m e ,  

- In o n r  r e c e n t  a v e r a g e  month NASA's STADAN ( s a t e l l i t e )  network 
s u p p ~ ~ t e d  39 a c t i v e  s a t e l l i t e s  c a r r y i n g  270 e x p e r i m e n t s ,  of w h i c h  
1514 r e t l ~ i - n e d  li rlf'o--rnat!"on, The data o b t a i n e d ,  a f t e r  complete 
p ~ ~ o c e : : s l n g  t o  remove n o i s e  o r  static and other useless matter, 
f J l l e d  some 6 , 0 0 0  r o l l s  of' d j . g i t a l  t ape  r e a d y  for computer use, 



The e x p e r i m e n t e r s  r e c e i v e  o r d i n a r y  one-half  i n c h  magne t i c  
t a p e s ,  each  about  2,500 f e e t  l o n g  and c a r r y i n g  computer - readable  
coded i n f o r m a t i o n .  The t a p e s  c o n t a i n  somewhat o v e r  two m i l l i - o n  
b i t s , o r  e n g i n e e r i n g  d a t a  measurements.  T h i s  m a t e r i a l  comes 
from a c o l l e c t i o n  o f  s a t e l l i t e s  and space  p r o b e s  w i t h  a  f u l l  
r a n g e  of o r b i t s  and t r a j e c t o r i e s .  

The o l d e s t  working s a t e l l i t e s  a r e  t h e  Canadian A l o u e t t e  1, 
launched (by NASA) Sep.  29, 1962,  and O G O - 1  ( o r b i t i n g  Geophys ica l  
O b s e r v a t o r y )  i n  f l i g h t  s i n c e  Sep.  5, 1964.  One o f  t h e  l a r g e s t  
p r o d u c e r s  of  d a t a ,  OGO-5, w i t h  2 7  exper iments  a-board, h a s  f i l l e d  
some 4 0 , 0 0 0  d - i g i t a l  t a p e s  s i n c e  l aunch  on March 4 ,  1968.  

The s t a t i o n s  and networks i n t e g r a t e  t h e i r  work on f l i g h t  
p r o j e c t s  a s  needs  a r i s e .  Thus, t h e  unmanned wea the r ,  a p p l i c a t i o n s ,  
o b s e r v a t o r y  and o t h e r  s c i e n t i f i c  E a r t h  s a t e l l i t e s  o b t a i n  con- 
s i d e r a b l e  a s s i s t a n c e  from t h e  Manned Space F l i g h t  Network, a s  
w e l l  a s  t h e  norma,l S a t e l l i t e  Network. For  t h e  same r e a s o n ,  t h e  
Apol lo  f l i g h t s  a r e  s e r v e d  by t h e  S a t e l l i t e  and Deep Space 
ne tworks .  

Large volume, i n t e g r a t i o n ,  and complex i ty  make t r a c k i n g  
t o d a y  f a r  d i f f e r e n t ' t h a n ' i t  was a t  t h e  s t a r t  i n  1958. Then, t h e  
t a s k s  of  t r a c k i n g  and o b t a i n i n g  i n f o r m a t i o n  were cnZy advance-  
ments  from t h e  o l d e r  c o n c e p t s  of a e r o n a u t i c a l  communica.tion 
and t r a f f i c  c o n t r o l .  

OTDA has  c o n s t a n t l y  improved i t s  sys tems and o p e r a t i o n s  
o v e r  t h e  y e a r s  t o  s t a y  a b r e a s t  of  t h e  exper iments  and programs 
i t  s e r v e s .  The lYin i t r ack ,dev i sed  i n  1957 f o r  t h e  Vanguard 
progr>am now forms a  s m a l l  p a r t  of NASA's g l o b a l  STADAN (Space  
Track ing  and Data A c q u i s i t i o n  Network),  and t h e  o p e r a t i o n s  a r e  
conducted  w i t h  advanced computer methods and s c i e n t i f i c  equipment .  

ANTENNAS 
v 

The s u c c e s s f u l  development of  one 210-foot  p a r a b o l i c  
a n t e n n a ,  i n  C a l i f o r n i a  -- l a r g e s t  o f  i t s  k ind  -- h a s  l e d  t o  
che const-uctfon of  two i d e n t i c a l  ones i n  S p a i n  and A u s t r a l i a  
f"or the Deep Suace Wetworlc ( D 9 1 1 ) ,  When comple ted ,  t h e s e  wfl l 
qake up a new neti~70rk deiivcring inore t h a n  e i g h t  t i m e s  t h e  p r e -  
c i s i o n  and d i s t a n c e  c a p a b i l i t y  of t h e  85-foot  a n t e n n a  f o r  exp ' lo ra -  
'Aoc i n  deep space. The new network w i l l  be r e a d y  i n  late 1q7'3, 
!n t h e  to s u n p o r t  t h e  first rlnmanrl~d f l i g h t  t o  t h e  p l a n e t  
J u p i t e r  and a n  unmanned l a n d i n g   or^ Mars ,  



Tracici??g s u ~ p o r t  ha,s been a major element o f  many NASA 
achievements,  i n c l u d i n g :  

The f i r s t  mapping of t h e  Moon by camera, t h e  f i r s t  
l and ing  b y  men on t h e  l u n a r  s u r f a c e  and t h e  s u c c e s s f u l  t r a n s -  
miss ion  of t h o s e  h i s t o r i c  even t s  by t e l e v i s i o n  t o  uncounted 
hundreds of m i l l i o n s  of people a l l  over  t h e  E a r t h .  

" The f i r s t  probes  of t h e  p l a n e t s  Mars and Venus and t h e  
f i r s t  c lose-up photos  of t h e  p l a n e t s ,  a l s o  fu rn i shed  t o  E a r t h  
by TV from d i s t a n c e s  over 30 m i l l i o n  m i l e s ,  

# The f i r s t  p r e c i s i o n  geog raph ica l  survey of t h e  E a r t h ,  
wi th  impor tan t  c o r r e c t i o n s  i.n maps of t h e  sou thern  hemisphere .  

" Successful ex~eriments with  t h e  E i n s t e i n  theory  of 
r c l : + t i v l t g  bcsed on t r a c k i n g  e x e r c i s e s  a t  d i s t a n c e s  over 250 
If: j-llioaz n,Ll.t.s , 

Radj oa.stror~oc~y,  g r a v i t a t i o n a l  and t h e o r e t i c a l  expeyi -  
?lents  with la;-se t r a c k i n g  an t ennas ,  

Development and improvement of g l o b a l  weather and com- 
municat ion s a t e l l i t e  systems,  and exper iments  wi th  p a s s i v e  
r a d i o  s a t e l l i t e s ,  

F l i g h t s  w i th  many thousands of s c i e n t i f i c  sounding 
r o c k e t s  and r o c k e t -  and jet-powered a i r c r a f t .  

I n  the  fu-tu-re, OTDA expec t s  t o  develop r e l a y  s a t e l l i t e s  
f o r  more e f f e c t i v e  d a t a  a c q u i s i t i o n ,  g r e a t e r  u se  of wideband 
communication, t r ansmis s ion  i n  t h e  X-band of t h e  Prequency 
spectrum, and improvemen.k of o t h e r  e l e c t r o n i c  systems t o  meet 
t h e  c o n s t a n t l y  expand-lng needs of t h e  space  and aerona<utica.l  
programs of the United S t a t e s .  

' 

F o l - l o w i ~ g  are brPef' d e s c r i p t i o n s  of t h e  OTDA a c t i v i t i e s  
and their purposes, 

STADAN -- 

r ~ + ~ ~ ~  -. ~A 0.- ::>a-ce T r a c k i n g  and Data A c q u i s i t i o n  Network, or  STADAN, 
.:I' 1;:;c; i . e ~ ~ m s i b : j  I.-j.l:\q -fop c.c:jmfiur,ica-kion wi th  t h e  unmanned 

s ( : j . / i > r 3 t j f i p ,  p,2.3:,J~14 i!p.te-;" , , --._ b r > -  ,,,,, su.ch as the obse rva to ry  series, 
r.* ,,, (- , % !?, (;! ,; , ; ; '; 7 .:,;, 2l ( -  >.$ 'W 5> *. - f .,; (, .., A~ * 

. . l i L c ,  . . , ~  , -  re?gi>uyces3 and weather proJ ' e c t s  
/ . :  
>.I 4 j>, &.) 2. ,a z, 7 1 ,  - -' 1 :i:.: -:.s oykjlt-;.r lr?; x L j & j . c l e s  .l.a~ncheiJ. fo?" Arnericai-, 
.9 
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Most f l i g h t s  a r e  w i t h i n  a few hundred m i l e s  o f  E a r t h ,  
a l t h o u g h  some go i n t o  h i g h e r ,  Earth-synchronous ( s t a t i o n a r y )  
o r b i t  and a  few r e a c h  l u n a r  d i s t a n c e s .  

STADAN has  a  s t a f f  of  abou t  1 ,500 American and f o r e i g n  
e n g i n e e r s ,  t e c h n i c i a n s ,  ma in tenance ,  and a d m i n i s t r a t i v e  employees.  
S t a t i o n s  have f i x e d  and mobi le  equipment ,  and most o f  them 
u s e  t h e  M i n i t r a c k  i n t e r f e r o m e t e r  system which r e q u i r e s  a  s m a l l  
beacon on t h e  s p a c e c r a f t  f o r  p r e c i s i o n  o r b i t  d e t e r m i n a t i o n .  
Others  have r a n g e  and v e l o c i t y  i n s t r u m e n t a t i o n  f o r  v e r y  h i g h  
o r b i t s .  Nearly a l l  STADAN i n s t a l l a t i o n s  i n c l u d e  Yagi a r r a y s  
and 40-foot  p a r a b o l i c  a n t e n n a s  and some have 85-foot  d i s h e s .  

NASA's Goddard Space F l i g h t  Cen te r  manages STADAN and t h e  
c o n t r o l  c e n t e r  l o c a t e d  on Goddard l s  home grounds  a t  G r e e n b e l t ,  
Maryland.  The s t a t i o n s  a r e  F a i r b a n k s ,  Alaska;  Rosman, N . C . ;  
F o r t  Myers, F l a ;  Mojave, C a l i f . ,  Winkf ie ld ,  England;  T a n a n a r i v e ,  
Madagascar;  Johannesburg ,  South  A f r i c a ;  Canberra  ( O r r o r a l  
V a l l e y ) ,  A u s t r a l i a ;  Q u i t o ,  Eduador; and S a n t i a g o ,  C h i l e .  

DEEP SPACE NETWORK 

The f o c u s  of  t h e  Deep Space Network (DsN) i s  t h e  v o i d  o f  
s p a c e ,  where unmanned s c i e n t i f i c  s p a c e c r a f t  such a s  Mar ine r ,  
P i o n e e r ,  and Vik ing  go f o r  i n f o r m a t i o n  on t h e  s o l a r  system 
and t h e  p l a n e t s .  

Mar ine r s  have been t r a c k e d  as f a r  as o n e - q u a r t e r  b i l l i o n  
m i l e s  away from E a r t h  by DSN. Deep s p a c e  d a t a  a r e  b r o u g h t ,  
i n s t a n t a n e o u s l y  ( i n  r 3 e a l  t i m e )  t o  t h e  Space F l i g h t  O p e r a t i o n s  
F a c i l i t y  a t  Pasadena,  C a l i f . ,  h e a d q u a r t e r s  of  t h e  J e t  P r o p u l s i o n  
Labora to ry  ~ P L ) .  That  was t h e  scene  of t h e  f i r s t  n a ~ ~ i n e :  n i c t u r e s  
of t h e  ~ o o n  from Ranger,  Surveyor ,  and Lunar O r b i t e r ,  and c l o s e -  
ups o f  Mars i n  1 9 6 9 .  

The complement of DSN i s  about  900 p e r s o n s ,  and t h e  equip-  
ment i s  t h e  b a s i c  85-foot  p a r a b o l i c  a n t e n n a .  New 210-foot 
a n t e n n a s  under  c o n s t r u c t i o n  a t  Madrid (Robledo de  C h a v e l a ) ,  
S p a i n ,  and Canberra  ( T i d b i n b i l l a ) ,  A u s t r a l i a ,  w ' i l l  d u p l i c a t e  
t h e  large d i s h  o p e r a t i n g  a t  Golds tone ,  C a l i f .  With t h e s e  t h r e e  
s t a t j o n s  l o c a t e d  e q u i d i s t a n t  around t h e  E a r t h ,  NASA can t r a c k  
c ~ r r t i i ~ i ~ o ~ s l y  a l l  f l i g h t s  above 10,000 miles  wbJ1e t h e  Earth 
ttari?:; on its ax125 



i n  a d d i t i o n  t o  Golds tone ,  Madrid, and Canber ra ,  t h e  ne t -  
work has s t a t i o n s  a t  Johannesburg ,  South A f r i c a ;  and Woornera, 
A u s t r a 1 i a ; p l u s  a  s i x - f o o t  antenna  a t  Cape Kennedy Soil Ih~jiri-;;?~ 

t r a j e c t o r y  purposes .  The DSN i s  managed f o r  NASA by J P E  under  
c o n t r a c t  w i t h  t h e  C a l i f o r n i a  I n s t i t u t e  of Technology.  

MANNED SPACE FLIGHT NETWORK 

A l l  l i n e s  i n  t h e  manned f l i g h t  t r a c k i n g  sys tem l e a d  t o  
the Miss ion  C o n t r o l  C e n t e r  i n  Houston. There  a t  t h e  Manned 
S ~ a c e c r a f 3  C e n t e r  t h e  h e a d l i n e  e v e n t s  s f  Agol lo  f l i g h t s  have  
emanated th rough  t e l e v i s i o n  t o  v i e w e r s  a l l  o v e r  t h e  E a r t h .  

The Miss ion  C o n t r o l  C e n t e r  i s  one of t h e  w o r l d ' s  most modern 
computer o p e r a t i o n s ,  When t h e  network i s  I n  f u l l  o p e r a t i o n -  
MCC i s  t h e  f o c a l  p o i n t  of a f l i g h t  o p e r a t i o n  i n v o l v i n g  t h o u s a n d s  
of p e r s o n s ,  11 t r a c k i n g  s t a t i o n s , t h e  t r a c k i n g  s h i p  Vanguard, 
and f o u r  t r a c k i n g  a i r c r a f t  o v e r  t h e  Pacif'ic. T h i s  e l a b o r a t e  
a r r a y  c o n s t i t u t e s  t h e  c o n t r o l  l i n k  f o r  a l l  e v e n t s  of a  major  
Apol lo  f l i g h t  from t h e  l a u n c h  pad th rough  t r a v e l  t o ,  a r o u n d ,  
and on t h e  Moon, r e t u r n  t o  E a r t h ,  and r e c o v e r y  i n  t h e  o c e a n .  

Most o f  t h e  MSFN s t a t i o n s  and Vanguard o p e r a t e  p r i m a r i l y  
f o r  E a r t h  o r b i t  phases  o f  Apol lo  f l i g h t s ,  as t h e y  w i l l  i n  
f u t u r e  Skylab  manned s p a c e  s t a t i o n s ,  The ALSEP exper iment  
l e f t  on t h e  Moon h a s  been working c o n t l n u o u s l y  f o r  more t h a n  
a y e a r .  For  d i s t a n c e s  o v e r  10,000 miles above E a r t h ,  t h e  network 
p l a c e s  h e a v i e s t  r e l i a n c e  on t h e  s t a t i o n s  a t  Madrid ( F r e s n e d i l l a s ) ,  
Canber ra  (Honeysuckle  reek), and Golds tone  f o r  24-hour-a-day 
communication. 

These f a c i l i t i e s  have  85-foot  a n t e n n a s ,  e a c h  w i t h  a second 
o r  "wing" a n t e n n a  f o r  t r a c k i n g  t h e  s e p a r a t e d  Apol lo  s p a c e c r a f t  
wh'en t h e  Command Module o r b i t s  t h e  Moon w h i l e  t h e  Lunar Module 
l a n d s  t h e r e .  For  t h a t  "wing" r o l e ,  t h e  MSFN r e g u l a r l y  u s e s  
85-fo0.t DSN a n t e n n a s  a t  Madrid, Golds tone  and C a n b e r r a ,  

MSFN a l s o  c a l l s  on t h e  210-foot Golds tone  dish a s  needed,  
and. may p o s s i b l y  use  t h e 2 l O 1 s  i n  Spa in  and A u s t r a l i a  when t h e y  
are comple ted .  

A l l  i'riSFN s t a t i o n s  a r e  on U n i f i e d  S-band e ~ u i p m e n " s ~ s i n g  e i t h e r  
30- z r  85- fook  d i s h  a n t e n n a s  t o  p r o v i d e  v o i c e  communication w i t h  
3 - s t~~o~a l , l t s ,  -)reci:;ion data cjn p o s t  t Lon, d a t a  acc ju i s i t lo r?  o f  many 
a i i  fAd ,> ,  ali on orle l l n k ,  ~ t L 2 e c t e d  :;tations also llave C-band 
-: dd:ir>s for t r ~ ~ . ? ~ . ! < ? : n g  separate fyom the S-band Ilnk 



Goddard Space F l i g h t  C e n t e r  manages t h e  MSFN and m a i n t a i n s  
a l a r g e  computer complex f o r  Apo l lo  o p e r a t i o n s  a t  G r e e n b e l t .  
The mass o f  d a t a ,  communicat ions and command s i g n a l s  f low between 
Goddard and Houston by wideband microwave c i r c u i t .  The MSFN 
s t a f f  t o t a l s  some 1 ,600  U.S. and f o r e i g n  employees .  

I n  a d d i t i o n  t o  t h e  t h r e e  major  s t a t i o n s ,  MSFN h a s  t r a c k i n g  
f a c i l i t i e s  a t  Cape Kennedy, F l a , ;  Corpus C h r i s t i ,  T e x . ;  Guam; 
and Kokee P a r k ,  Hawaii ;  Ascens ion  I s l a n d ; ,  Carna rvon ,  A u s t r a l i a ;  
Bermuda; and Las Palmas, Canary I s l a n d s ,  

NASA COMMUNICATIONS NETWORK 

The i n t e r c o n n e c t i o n  between a l l  t r a c k i n g  o p e r a t i o n s ,  f l i g h t  
m i s s i o n s  and ground c e n t e r s  t o t a l s  some two m i l l i o n  m i l e s  of  
t e l e p h o n e ,  microwave, r a d i o  and E a r t h  s a t e l l i t e  l i n e s ,  u n d e r s e a  
c a b l e  and s p e c i a l  wideband c i r c u i t r y .  Opera ted  a lmos t  e n t i r e l y  
by commercial  common c a r r i e r s  on c o n t r a c t ,  t h e  combinat ion--  
known as NASCOM -- i s  r a t e d  t h e  most r e l i a b l e  sys t em i n  e x i s -  
t e n c e .  

R e l i a b i l i t y  i s  i m p e r a t i v e  because  t h e  s u c c e s s  o f  l a r g e ,  
z o m p l ~ x  and h i g h l y  c o s t l y  NASA m i s s i o n s  depends  on cornmuni- 
c a t i o n s  -- sometimes i n v o l v i n g  t h e  l i v e s  o f  f l i g h t  c rews .  

Goddard o p e r a t e s  t h e  i n t e g r a t e d  NASCOM sys tem,  s e r v i n g  
communicat ions needs  t h r o u g h o u t  t h e  g l o b a l  a c t i v i t i e s  of  t h e  
agency .  NASCOM o p e r a t i o n s  a r e  compute r i zed  f o r  maximum 
e f f i c i e n c y  and  e f f e c t i v e n e s s  as w e l l  as  r e l i a b i l i t y .  

Without  d o u b t ,  NASCOM's b e s t  known achievement  was t h e  TV 
c o v e r a g e  of  man ' s  f i r s t  s t e p s  on t h e  Moon i n  Apo l lo  11. NASCOM 
c h a n n e l e d  t h a t  h i s t o r i c  e v e n t  t h r o u g h  210-foot  a n t e n n a s  a t  
G o l d s t o n e  and P a r k e s ,  A u s t r a l i a ,  t h e n c e  by s a t e l l i t e  and l a n d l i n e  
t o  Houston f o r  r e l a y  t o  U . S .  and f o r e i g n  TV i n t e r e s t s .  A s  a  
r e s u l t ,  hundreds  of m i l l i o n s  saw i t  on TV a l l  a b o u t  t h e  E a r t h .  

Less  known b u t  more v i t a l  was NASCOM1s s u c c e s s  i n  f u r n i s h i n g  
r e l i a b l e  cornrnunication t o  t h e  c r i p p l e d  A p o l l o  1 3 ,  when t h r e e  
a s t r o n a u t s  were f o r c e d  t o  abandon equipment  i n  t h e i r  Command 
Module. NASCOM t ook  o n l y  a few k ~ o u r s  t o  p a t c h  i n  s p e c i a l  
tboni?ect  lo^^:; t,o t l l c .  IJ:lrltc.:; anti ( ;olclstone 210-foot  a n t e n n a s ,  I n  
i c ~ i l ~ ~ r ~ ~ : ( ~ i ~ ~ . \ i  ,I t i l c . ~  wc.rrl a!)i c >  i,o nla in ta l r r  a n  a d e q u a t e  commiinicnt ion  

1 1 f ' ~ >  I i I I P  vd 1 t ki t :I t J 1 - o n a ~ ~ t L ;  l ~ l ~ o : ; ~  tr>arisrnI t t,cxrs :;I j;rl:ll w a s  l)!t>ak 
l ~ e ~ ~ < ~ 1 l ~ ~ c .  o f 2  l - t l ( - i \ l < > ( Y y  k ) n b l c 1 T 2  * 



With a  t o t a l  complement of abou t  400 U,S, and f o r e i g n  
employees,  NASCOM o p e r a t e s  a  system of  major  s w j t c h f n g  c e n t e r s  
and s u b s i d i a r y  i n t e r c o n n e c t i o n s  ~ b e r e v e r  NASA exper iments  go .  
The major  s w i t c h i n g  p o i n t s  a r e  l o c a t e d  a t  Goddard, J P L ,  Cape 
Kennedy, Honolulu,  Canber ra ,  Madrid, and London. 

OTHER TRACKING ACTIVITIES 

The work of t r a c k i n g  dnd o b t a i n i n g  d a t a  goes  w e l l  beyond 
t h e  g l o b a l  space  ne tworks .  Hundreds o f  programs i n  a e r o n a u t i c a l  
r e s e a r c h ,  a e r i a l  s u r v e y ,  and i n  sounding r o c k e t s  r e q u i r e  s u p p o r t ,  
and a n o t h e r  a c t i v i t y  t r a c k s  w i t h  cameras ,  

Nearly a l l  sounding r o c k e t s  f l y  from Wallops S t a t i o n ,  on 
t h e  V i r g i n i a  c o a s t .  These small r o c k e t s  u s u a l l y  s p l a s h  down i n  
t h e  s e a  w i t h i n  minu tes  of  l aunch ,  b u t  t h e  S t a t i o n  a v e r a g e s  a b o u t  
110 f l i g h t s  each y e a r  f o r  U.S. and f o r e i g n  space  s c i e n c e  i n t e r e s t s .  
I n  a d d i t i o n  t o  t h e  ground i n s t r u m e n t a t i o n ,  r a d a r  and o p t i c a l  
equipment s u p p o r t i n g  t h i s  work, Wallops m a i n t a i n s  mobi le  g e a r  
f o r  s p e c i a l  p r o j e c t s ,  some i n  i n t e r n a t i o n a l  s c i e n c e .  And a  
few r o c k e t s  a r e  l a u ~ c h e d  from o t h e r  U.S. and f o r e i g n  l o c a t i o n s .  

Wallops t r a c k e r s  c a r r i e d  o u t  a n  e x c e p t i o n a l l y  l a r g e  t a s k  
i n  t h e  s p r i n g  of  1970 by f o l l o w i n g  t h e  c o u r s e  of  a S o l a r  E c l i p s e ,  
a i d i n g  s c i e n c e  by o b t a i n i n g  d a t a  from 33 i n s t r u m e n t e d  r o c k e t s  
which were s e n t  a l o f t  w i t h i n  a  s h o r t  p e r i o d  b e f o r e ,  w h i l e ,  and 
a f t e r  t h e  Sun was t o t a l l y  b lacked  o u t  by t h e  Moon, 

NASA's o p t i c a l  s p a c e  t r a c k i n g  i s  performed on c o n t r a c t  by 
t h e  Smithsonian  Astrophysics,- Observa to ry ,  Cambridge, Mass. 
SAO h a s  a  network of e i g h t  s m a l l  s t a t i o n s  l o c a t e d  around t h e  
E a r t h .  T h e i r  main purpose  i s  t o  s u p p o r t  E a r t h  s a t e l l i t e  programs,  
a s  r e q u i r e d ,  w i t h  Baker-Nunn cameras,  l a s e r s ,  and o t h e r  o p t i c a l  
d e v i c e s .  

NASA's F l i g h t  Research  C e n t e r ,  Edwards, C a l i f . ,  i s  t h e  
scene  of most of  t h e  OTDA a e r o n a u t i c a l  t r a c k i n g  work. The 
500-mile High Range, from Edwards t o  E l y ,  Nev., p r o v i d e s  t e l eme-  
t r y ,  t r a c k i n g ,  communication, and computing f o r  a  wide v a r i e t y  
of  a i r c r a f t .  O r i g i n a l l y  b u i l t  i n  1959 f o r  t h e  X-15 r o c k e t -  
powered r e s e a r c h  p l a n e ,  t h e  High Range today  works a c t i v e l y  
wlth t h e  s u p e r s o n i c  t r a n s p o r t  r e s e a r c h  and o t h e r  s p e c i a l i z e d  
a 3 r i c r n P t ,  



The mast advanced program a t  Edwards I s  the Lifting Body 
research v e h i c l e  -- M-2, EL-10, and X-24 -- t h e  fo re runne r  of 
"ce Space S h u t t l e  . The 1 , i f t i n g  Body i s  ac t~ i a f  ?y an , ~ ? ~ ~ I E T I C  
without  wings, has an  aerodynamic shape s u i t a b l e  F o r  space  
f l i g h t  and f o r  r e e n t e r i n g  t h e  E a r t h ' s  atmosphere and l and ing  on 
t h e  ground under f u l l  c o n t r o l  of t h e  p i l o t .  * 

Ground suppor t  i s  a l s o  provided t o  aeronau. t ica l  p r o j e c t s  
conducted a t  o t h e r  NASA laboratories and t o  s p e c i a l i z e d  f l i g h t s  
i n  o t h e r  s c i e n c e  and technology programs, 


